Finger millet (Eleusine coracana (L.) Gaertn]) is a vital component in the farming systems of many parts of Uganda with limited information on variability, heritability and trait association in the country. The objective of this study was to assess the variability, heritability and trait association of finger millet to determine the genetic potential for future use in breeding programmes. A total of 100 accessions were evaluated for morpho-agronomic characters in a 10 x 10 lattice design at NaSARRI and Ikulwe in Uganda for two seasons. Analysis of variance revealed mean squares of the genotypes were significant for all the traits, with days to 50% flowering showing the least coefficient of variation and the highest leaf blast severity. Heritability estimates ranged from 7.39% for threshing percentage to 68.4% for head blast severity; whereas values of expected genetic advance varied from 2.00 to 79.9% for threshing percentage and head blast severity, respectively. High heritability and genetic advance estimates were exhibited for head blast severity, head blast incidence, productive tillers plant -1 and grain yield. When the significant correlations were decomposed by path analysis, it revealed that, in determining yield, the most important traits were grain mass head -1 , tillering ability and reaction to head blast disease. Overall the result revealed existence of high variability for the traits studied in the finger millet accessions which can be utilised in genetic improvement.
Introduction
Finger millet (Eleusine coracana (L.) Gaertn) is a member of the Chloriroidea family and sub-family Poaceae believed to have originated from eastern Africa (National Research Council (NRC), 1996) , its centre of origin and diversification (NRC, 1996; Bezaweletaw et al., 2006) . It is an important allo-tetraploid cereal crop, widely cultivated in the arid and semi arid regions of the world. Being rich in protein, iron and calcium, finger millet serves as an important staple food for rural populations in developing tropical countries where calcium deficiency and anaemia are widespread (Babu et al., 2013) . In Uganda, finger millet is the second most important cereal after maize; cultivated in over 470,000 ha, producing over 850,000 metric tonnes year -1 (FAOSTAT, 2012) . The cultivars grown include mostly landraces, adapted to the various local conditions and a few improved and introduced materials.
In terms of research, however, this important nutri-cereal has been largely neglected and often categorised as an orphan crop (Wanyera, 2007; Kumar and Pande, 2010) mainly grown by subsistence farmers who employ their own methods of selection to preserve and try to improve their germplasm. These farmers grow mainly landraces whose yields are often low, in most cases less than one metric tonne ha -1 (Okwadi, 2007) . A few new varieties have been released (Wanyera, 2007) and disseminated in some parts of the country, with varying degrees of success. Replacement of landraces with modern pure-line cultivars may, however, reduce the genetic variation in the cropping system. Nonetheless, some germplasm collection and maintenance has been carried out by the National Semi Arid Resources Research Institute (NaSARRI), though not fully complete and with some challenges, a number of accessions are being preserved at the institute.
Reports indicate that there is high trait variability available, but despite the high range of availability of materials and urgent need to improve finger millet productivity through genetic manipulation, little is known about the Ugandan germplasm in terms of variability, major traits, trait associations and the potential usefulness of the individual accessions being maintained. Bezaweletaw et al. (2006) indicated that investigating and identifying plants for available variation in the breeding material, is the first step of a successful plant breeding and crop improvement programme. Studies have not been conducted in Uganda to measure variability in finger millet collections based on morphological and agronomic traits. High variability in major traits have been observed in finger millet from previous studies elsewhere (Prasad Rao et al., 1994; Bezaweletaw et al., 2006; Oduori 2008) suggesting broad diversity to be apparent among finger millet germplasm that were studied in Kenya, Ethiopia and India, respectively. This would, therefore, provide ample opportunities for genetic improvement of the crop through selection directly from the available germplasm or traits recombination through intra-specific hybridisation of desirable traits.
Grain yield is a complex character, and is considered as the ultimate product of its components. Hence, selection of superior genotypes based on grain yield is difficult due to the integrated structure of plants in which most of the characters are interrelated and governed by many genes (Falconer and Mackay, 1996) . This necessitates a thorough knowledge on the nature of relationships prevalent between contributory characters and grain yield and the extent of genetic variability (Bezaweletaw et al., 2007) . Besides, determination of the interrelationships between various agronomic characters, and their direct and indirect effects on grain yield may provide a clue for improving the productivity of the crop, and a pre-requisite to plan a meaningful breeding programme and approach (Singh and Narayanan, 1993) .
In the study of trait inter-relationships, correlation and path analyses have been conducted in several crops; correlations indicating the nature and degree of interrelationship among yield and its component characters; whereas path analysis indicates direct and indirect contributions of the characters towards yield (Akanda and Mundt, 1996) . In path coefficient analysis, grain yield is considered a dependent variable and the remaining traits are considered as independent (causal) variables (Singh and Chaundhary, 1977) . A path coefficient is simply a standardised partial regression coefficient; as such estimates the direct influence of one variable upon another and permits separation of correlation coefficients into components of direct and indirect effects (Dewey and Lu, 1959) . The direct contribution of an independent variable to the variation observed in the dependent variable can be determined with reduced confounding influences caused by multicolinearity. The purposes of conducting path analysis in this study were to determine both effects of blast disease on yield components of finger millet and the relative importance of the disease and yield components on yield and to unravel the opposing effects between variables along the different paths of influence.
The objective of this study was to determine the variability and trait interrelationships in Ugandan finger millet germplasm for selected agronomic traits and blast disease reaction, and asses the genetic potential of these materials for use in the breeding programme.
Materials and methods
A total of four experiments were conducted at National Semi-Arid Resources Research Institute NaSARRI (Latitude 1° 29' 39N Longitude 33° 27' 19E 1085 m.a.s.l,) and Ikulwe (0° 27' 3N; 33° 28' 16E; 1157 m.a.s.l,) satellite station in eastern Uganda in 2011 and 2012 main cropping seasons using 100 cultivars and landraces collected from the different finger millet growing agro-ecologies of the country. Some introductions from the International Crops Research Institute for Semi and Arid Tropics (ICRISAT), Nairobi, were also sown along side five improved cultivars from NaSARRI. A lattice design, with three replications, and plot size of six rows of 3 m long and 1.5 m wide, with row spacing of 30 cm and plant to plant spacing of 10 cm was used. Data were collected on leaf blast incidence, leaf blast severity, head blast incidence and head blast severity under natural infestation. Other parameters included days to 50% flowering, number of productive tillers, flag leaf length, flag leaf width, fingers per head, grain mass per head, threshing percentage and grain yield ha -1 . Additional data were taken on finger length, and width, peduncle length, panicle length and width and plant height. Data was taken from 40 randomly selected plants from two mid rows for each of the accessions following finger millet descriptors (IBPGR, 1985 Babu et al. (2013) and head blast (HB) observations were recorded at the time of grain maturity. The disease incidence was calculated as the number of diseased plants divided by the total number of plants sampled per plot. Leaf blast severity was estimated on the basis of leaf area covered by lesions using 1 -5 rating scale of Mackill and Bonman (1992) . The percent disease index (PDI) for determining leaf blast severity (LBS) was calculated using the formula given by Wheeler (1969) as follows: LBS = n 1 x 1+ n 2 x 2+n 3 x 3 n 4 x 4 + n 5 x 5
Total number of leaves observed x maximum grade Where: n 1 to n 5 represent the total number of leaves falling under 1 -5 scale, respectively. The resultant percentages were categorised as follows: immune -0.0%, highly resistant 0.1 -5%, resistant 5.1 -10%, moderately susceptible 10.1 -25% and susceptible >25%.
For head blast severity, all heads from the 10 plants were used to determine blast severity at maturity. For each head, proportions of spikelets affected by the disease were estimated and a Standard Evaluation System (SES, IRRI, 1996) was adopted. This is based on the number of heads, and head blast severity computed as follows:
Total number of panicles Where:
N1 -N9 are number of panicles infected with the disease, multiplied with the corresponding portion infected. From the resultant percentages, the genotypes were categorised as follows: 0%; no incidence or immune, less than 5% as highly resistant, 5-10% resistant, 11 -25% moderately resistant, 26 -50% susceptible and more than 50% highly susceptible.
Data analysis
All data collected were subjected to analysis of variance (ANOVA) to obtain mean squares for genotypes, and the residual using GenStat (edition 12) (Payne et al., 2009) The phenotypic (PCV), genotypic (GCV), environmental (ECV), and genotype x environment (GECV) coefficients of variability were estimated following the procedures of Kumar et al. (1985) ; PCV = 100(σ p )/ ; GCV = 100(σ g )/ ; ECV = 100(σ e )/ ; and GECV = 100(σ ge )/ Where: σ p = phenotypic standard deviation, σ g = genetic standard deviation, σ e = environmental standard deviation, σ ge = genotypic x environmental standard deviation and = trait mean.
Heritability (H 2 ) in the broad-sense was estimated by the formulae of Allard (1960) ;
Expected genetic advance (GA), assuming selection intensity of 5% was estimated according to the method of Johnson et al. (1955) ;
Where K was the selection intensity constant at 5% (K = 2.056), H 2 the broad sense heritability and σ p the phenotypic standard deviation.
The genetic advance as a percent of mean was obtained as:
GA (% of mean) = 100 (GA/ )
Where: GA = genetic advance, and = population mean for the trait considered. The heritability estimates were classified according to Robinson et al. (1949) into three classes, that is 0 -30% low, 31 -60% as medium, and > 60% as high. On the other hand, Johnson et al. (1955) categorised genetic advance as a percentage of mean into 0 -10% low, 10 -20% moderate and > 20 % as high. These categorisations were used in this study.
Correlation and path analysis
The correlation coefficients between all possible pairs of quantitative traits and path analysis were conducted and tested for their significance in SAS Programme Version 9.2 (SAS, Cramer et al., 1997) using PATHSAS software. The path coefficient analysis was used to decompose the correlation coefficients into direct and indirect effects, to clarify the relationships between different traits with grain yield.
The direct and indirect effects of yield related to quantitative traits on grain yield, were calculated following the formula suggested by Dewey and Lu (1959) (cited in Lule et al., 2012) as: r ij = P ij + r ik P kj Where: r ij is mutual association between the independent character (i) and dependent
character (j) as measured by the correlation coefficient; P ij is the component of direct effects of the independent character (i) and dependent character (j) as measured by the path coefficient and; Σr ik P kj is the summation of indirect effect of a given dependent character (j) via all other independent characters (k). Residual effects, which determine how best the causal factor accounts for the variability of the dependent character, was estimated by:
Where: R 2 = P ij r ij, P ij = component of direct effects of the independent character (i) and dependent character (j) as measured by the path coefficient; r ij = mutual association between the independent character (i) and dependent character (j) as measured by the correlation coefficient. Scales suggested by Lenka and Mishra (1973) in rice studies, and used by Lule et al. (2012) of path coefficients values 0.00 to 0.09 as negligible, 0.10 to 0.19 as low, 0.20 to 0.29 moderate and 0.30 to 0.99 as high path coefficient were used in this study. This scale was supplemented by the significance test of the direct effects using PATHSAS software in SAS computer package.
Results

Variation among the accessions
The analysis of variance results (Table 1) showed highly significant (p <0.001) differences between the genotypes for all the traits studied, indicating that the accessions were highly variable. The coefficient of variations ranged from 5.3% for days to 50% flowering to 28.1% for leaf blast severity. Estimates of variability, heritability and genetic advance among the accessions (Robinson et al., 1949) . These traits depict a large proportion of the phenotypic variance was accounted for by the genetic component. The phenotypic (PCV) and genotypic (GCV) coefficient of variations of the different traits computed based on analysis of variance, ranged from 3.17 to 57.0 for days to 50% flowering and head blast severity, and 0.89 to 39.2 for threshing percentage and head blast severity, respectively. High GA, as a percentage of means according to classification of Johnson et al. (1955) , were obtained for head blast severity, leaf blast severity, head blast incidence, leaf blast incidence, number of productive tillers plant -1 and grain yield. The lowest values were obtained with days to 50% flowering, threshing percentage, flag leaf width and flag leaf length.
Pearson's correlation coefficients
The correlations among the traits are presented in Table 3 . There was a high and positive correlation between grain yield ha -1 and panicle width, finger number, plant height, number of productive tillers, grain mass head -1 , threshing percentage and single plant yield. However, the correlations were negative with leaf blast incidence, head blast incidence, head blast severity and days to 50% flowering.
Meanwhile, head blast severity had significant positive correlation with leaf blast incidence and head blast incidence, but negatively with panicle width, flag leaf length, days to 50% flowering, grain mass per head and single plant yield. Plant height, on the other hand, had positive significant correlations with panicle length, finger length, peduncle length, flag leaf length, days to 50% flowering.
Path coefficient analysis
The correlation coefficients were further divided into direct and indirect effects using path coefficient analysis (Table 4) . Of the 11 independent variables, six had positive direct effect values, namely finger length (0.014), finger width (0.044), finger number (0.001), number of productive tillers (0.527), grain mass per head (0.625) and threshing percentage (0.056). On the other hand, leaf blast severity (-0.062), head blast incidence (-0.09), head blast severity (-0.103), days to 50% flowering (-0.012) and plant height (-0.043) showed negative direct effects.
Grain mass head -1 exerted the highest positive direct effect on grain yield (0.625) and it also exhibited a negative low indirect effect (-0.114) via number of productive tillers. Productive tillers exerted the second highest positive direct effect (0.527) on grain yield ha -1 . It also exhibited low negative indirect effect (-0.136) via grain mass head -1 . All the remaining independent variables exhibited negligible direct effects on grain yield ha -1 with the exception of head blast severity, which showed a low negative direct effect (-0.103) with a high indirect effect (0.298) via grain mass head -1
. Of the variables with negligible indirect effects, however, finger length exhibited a low negative indirect effect (-0.137) via number of productive tillers. Days to 50% flowering GV = genetic variance, PV = phenotypic variance, GEV = genotype x environment variance, EV = environmental variance, GCV = genotypic coefficient of variation, PCV = phenotypic coefficient of variation, GECV = genotype x environment coefficient of variability, ECV = environmental coefficient of variation, H 2 = broad-sense heritability, GA = genetic advance L. Owere et al. Variability, heritability and genetic gain A wide range of variation was observed in all the traits studied indicating existence of broad variability, which would provide a genuine opportunity for genetic improvement through selection and hybridisation. Similar findings were reported in finger millet by Lule et al. (2012) and Bezaweletaw et al. (2006) on Ethiopian germplasm. Since there were significant differences, mostly contributed by genotypes as compared to environment, it is an indication that the collection had high variability in terms of these traits which can be exploited for improvement; since a large portion of the phenotypic variance was directly contributed by the genetic component and unaltered by the environment in agreement with Falconer and Mackay (1996) . It has also been suggested that heritability estimates, genetic advance as a percentage of mean and their combination could be useful in predicting the performance of the best selected individuals in a population (Johnson et al., 1955) . Based on the current study, traits exhibiting high broad-sense heritability estimates depicted a large proportion of the phenotypic variance accounted for by the genetic component. This indicates the existence of reasonable inherent variability that remained unaltered by environmental conditions among the genotypes, which in turn can be more useful for exploitation in hybridisation and/or selection. Overall, the phenotypic coefficients of variation (PCV) estimates were higher than the genotypic coefficients of variation (GCV) as expected (Falconer and Mackay, 1996) which shows that the apparent variation was not only due to genotypes, but also to the influence of the environment. In the majority of the traits, however, the environmental coefficients of variation (ECV) estimates were lower than both genotypic and phenotypic coefficient of variation, which implies that the environmental role was less for expression of such traits. In these cases, the traits may be employed to select for superior genotypes among the progeny that may be generated from their crosses, since the traits would be transmitted to the progenies.
High heritability estimates and high genetic advance, as a percentage of mean observed in certain traits was probably indicative of additive gene action. These traits could be improved through selection, whereas moderate heritability and low genetic advance might imply non-additive gene effects. Improvement in such traits could be achieved by crossing the landraces to genotypes with higher values for such traits; followed by selecting progenies segregating positively for such traits. On the other hand, low heritability traits and low genetic advance could probably suggest gene interactions, making selecting in the early generation of progenies ineffective.
Correlations analysis
High positive associations between grain yield ha -1 and panicle width (0.354), finger number (0.265), number of productive tillers (0.393), grain mass head -1 (0.603), single plant yield (1.00) and threshing percentage (0.350) shows that yield is a result of both growth and yield components and, therefore, a complex trait. Grain yield, however, was highly negatively associated with leaf blast incidence (r = 0.334), head blast incidence (r = 0.313), head blast severity (r = 0.463) and days to 50% flowering (r = 0.366). The negative association with blast disease indicates that both leaf blast and head blast reduced yield, but head blast was probably more important in yield reduction compared to leaf blast since both incidence and severity were significantly associated with grain yield. This is probably because head blast can be particularly more destructive (Takan et al., 2004) as it directly reduces final yield through reduction in grain number and grain mass. Babu et al. (2013) also suggested a buildup of adult plant resistance to leaf blast, which seemed to reduce the impact of leaf blast as the current study seemed to suggest.
These results further revealed that besides selection for grain yield per se, indirect selection for panicle width, finger number, number of productive tillers, grain mass per head, threshing percentage and plant height (in case of non-lodging materials or conditions) can lead to improvement in grain yield, since they exhibited significantly positive correlation with grain yield. However, there should be a balance among characters in selection, particularly between number of productive tillers and grain mass head -1 which had a significant negative correlation between themselves; and plant height which could lead to lodging (Oduori, 2008) .
Leaf blast incidence was highly and positively correlated with leaf blast severity (0.444) and head blast severity (0.271) ( Table 3 ). These results revealed that highly susceptible cultivars to leaf blast were also susceptible to head blast, similar to results of Quynh and Bong (1999) , who discovered that varieties with high and moderate resistance to leaf blast normally maintained the resistance to panicle blast in rice; yet most varieties with unstable resistance to leaf blast were found to be susceptible to panicle blast. The findings seem to suggest an interaction between leaf blast incidence with both leaf blast severity and head blast severity; indicating that accessions with high incidences of leaf blast also show high leaf and head blast severity. Lenne et al. (2007) and Takan et al. (2004) clearly proved that isolates causing leaf and panicle blast on millet were genetically similar, indicating that the same strains were capable of causing different expressions of blast under suitable agro-ecological conditions. Similarly, there was a very high positive association between head blast incidence and severity, an indication that accessions with high incidence also tended to have high severity.
Path coefficient analysis
This study has revealed high positive and significant direct effects of grain mass head -1 and number of productive tillers; and their positive association to grain yield ha -1 is an indication that these were the most important traits (contributors) alongside head blast severity, which showed a negative direct effect. Among the selected variables, it is evident that these are the variables with high value to selection. However, caution is required since, for instance, number of productive tillers exhibited low negative indirect effect via grain mass head -1 and likewise grain mass head -1 also exhibited a low negative indirect effect via number of productive tillers. Head blast severity, which showed a low negative direct effect with a high indirect effect via grain mass head -1 revealed that efforts must be made to ensure only heads free from, or with very low levels of head blast disease are selected as it is a more important biotic factor compared to leaf blast. This is probably because the disease occurs at the time of determination of yield components directly and indirectly through grain mass head -1 (Torres and Teng, 1993) . Further, Takan et al. (2004) observed that seed borne inoculum contributed to initial blast development in the field, where high disease incidence was observed in plantings with seeds containing a high proportion of inoculum.
The role of head blast in influencing yield is well documented by Oduori (2008) and Takan et al. (2004) . It is mainly attributed to reduction in the number of seeds head -1 or grain mass, therefore, the number and mass are expected to be greater in the absence than in presence of the disease, as a result increased number of seeds head -1 and/or mass would result in increased total yield. The negative effect of the disease on yield was also reported by Akanda and Mundt (1996) who found that path analysis showed all yield components to be negatively affected by rust on wheat. Plots with higher tiller densities were expected to generate higher yield, but might also provide a more favourable microclimate or microenvironment for blast disease. This effect was found in the rice pathosystem, where leaf blast was positively correlated with number of effective tillers by Torres and Teng (1993) .
Considering variables with negligible direct effects (< 0.09), however, finger length exhibited a low negative indirect effect via number of productive tillers (0.137); days to 50% flowering showed a high positive indirect effect through grain mass per head (0.302). In contrast with the findings of Oduori (2008) , but consistent with findings of Lule et al. (2012) and Bezaweletaw (2006) , threshing percentage of finger millet showed moderate positive indirect effects through grain mass head -1 (0.264 and 0.257, respectively); while plant height exhibited low positive indirect effect through grain mass per head. This showed these traits could be used for indirect selection. From this study, it is also possible to simultaneously select early maturing, tall cultivars with high finger numbers for high yields due to their high indirect effects through head grain mass. Therefore, it can be inferred that genetic and environmental factors that delay flowering of the crop and increase height and the other characters may also require attention in improvement programmes as these indirectly contribute to yield via grain yield per head.
Conclusion
The study has provided crucial information on variability in finger millet accessions in terms of selected traits and reaction to leaf and head blast disease. It revealed that both genetic and phenotypic variability exist within the Uganda germplasm in all traits that were studied. Also that head blast severity, head blast incidence, grain mass head -1 , grain yield ha -1 , and productive tillers plant -1 possess high heritability values depicting large proportion of phenotypic variance was accounted for by the genetic component in these traits. Additionally, high genetic advance as a percentage of means are evident for head blast severity, leaf blast severity, head blast incidence, leaf blast incidence, number of productive tillers plant -1 and grain yield. Traits with both high heritability and genetic advance as a percentage of mean would be transmitted to their progeny from crosses involving the 100 genotypes used in this study. These included blast disease resistance and grain yield. Lastly, productive tillers plant -1 and grain mass per head have positive significant correlation to yield and high positive direct effects; therefore, selecting for these traits would probably result in high yielding genotypes.
